Chronic infection with hepatitis C virus (HCV) is estimated to affect approximately 3% of the world's population and cause 350,000 deaths each year. For a number of years, the standard of care has been combination therapy with recombinant alfa interferons-originally as native proteins but more recently as polyethyleneglycol-modified derivatives-and ribavirin, with the recent addition of an NS3 protease inhibitor for HCV genotype 1. However, therapeutic alfa interferons are associated with a significant burden of treatment-limiting adverse events, including musculoskeletal and influenza-like symptoms, hematologic cytopenias, autoimmune disease, fatigue, and other neurologic events. In 2003, a team at ZymoGenetics (now a fully owned subsidiary of Bristol-Myers Squibb) and a second, independent group simultaneously identified a new class of interferons-the type III lambda interferons-with near-identical activity to the type I alfa interferons in hepatocytes but with an unrelated and less ubiquitous receptor. Subsequent evaluation of the type III interferon system demonstrated antiviral activity against HCV in vitro with limited activity in peripheral blood mononuclear cells and other nonhepatocyte cell types, supporting its development as a potentially better-tolerated therapy for viral hepatitis. Peginterferon lambda-1a (Lambda) is an investigational type III therapeutic agent originally developed at ZymoGenetics that is currently in Phase 3 studies for the treatment of HCV. In this review, we describe the selection of the Lambda molecule and its preclinical and early clinical development, and how the resulting data have helped to establish the differentiated safety profile for Lambda-with fewer influenza-like and musculoskeletal symptoms and less hematologic toxicity than the alfa interferons-that was seen in later studies.
Introduction
Chronic hepatitis C virus (HCV) infection affects approximately 170 million people worldwide, 1 with an estimated 350,000 deaths each year from long-term complications such as cirrhosis and hepatocellular carcinoma. 2 Recombinant type I interferons (IFNs), specifically IFN alfa-2a and IFN alfa-2b, have been used alone or in combination with the nucleoside analog ribavirin (and, more recently, with or without an NS3 protease inhibitor) to treat chronic viral hepatitis for more than 20 years. Combination treatment is potentially curative in a significant proportion of patients infected with HCV. However, therapeutic IFN alfa carries a significant burden of system-wide adverse events, which reflects the ubiquitous distribution of its receptor. 3 Hematologic abnormalities from IFN alfa-associated myelosuppression are a particular problem in HCV treatment, and neutropenia, thrombocytopenia, and especially IFN-exacerbated, ribavirin-associated hemolytic anemia are major causes of dose adjustment and discontinuation. 3 The use of NS3 protease inhibitors against HCV genotype (GT) 1 4 further adds to an already high adverse event rate. [5] [6] [7] In 2003, two groups-Sheppard et al. 8 from the ZymoGenetics discovery team and Kotenko et al. 9 -independently identified a new family of IFNs with their own receptor complex, designated the type III l IFNs. As this new cytokine system became better understood a firm rationale for its therapeutic development in viral hepatitis emerged, and 10 years later peginterferon (PEG-IFN) lambda-1a (Lambda) is now in Phase 3 studies in HCV. Here, we briefly review the preclinical and early clinical development of this novel biologic.
Discovery and early preclinical evaluation of the l IFNs: tissue specificity and in vitro activity A number of excellent reviews of the l IFNs and their receptor are available. [10] [11] [12] The type III family was initially identified by analysis of human genomic sequence data to identify potential new cytokines, and comprises three multi-exon genes on chromosome 19 (19q13.13 contig AC011445.6). Two interleukin (IL)-28 genes, IL28A and IL28B, comprise six exons each and encode two near-identical (96% amino acid homology) secreted proteins, designated IFN-l2 and IFN-l3, respectively. IL29 is a five-exon gene encoding IFN-l1, which is 81% homologous to IFN-l2. In contrast to the similarities within the type III group, there is less than 20% homology between any IFN l and IFN a. The transmembrane receptor for the IFN l proteins is a heterodimer that is structurally distinct from the type I receptor and consists of a unique a subunit, IL-28 receptor a (IL28RA), combined with a ubiquitous b subunit (IL-10 receptor b; IL10RB) that also forms part of the receptor complexes for IL-10, IL-22, and IL-26.
The distribution of the type III receptor complex differs significantly from that of the type I complex. At the mRNA level, type III receptors have been detected in most tissues other than the brain and central nervous system. 13, 14 Within tissues, however, type III receptors appear to be expressed in a subset of type I-responsive cells. Induction of IFNstimulated genes (ISGs) by type III IFNs is observed primarily in epithelial cells and appears to be highest in organs with a high epithelial component. 15 Within cells expressing both receptors, IFN l and IFN a appear to present almost identical patterns of signal transducer and activator of transcription (STAT) phosphorylation via a shared Janus kinase-STAT pathway and similarly near-identical patterns of gene regulation (via the ISG factor 3 activation complex) by microarray analysis. 13, 16 IL28RA is expressed on primary hepatocytes, which are epithelial-like cells, and on hepatocyte-derived cell lines but not on other cells present in the liver. 13 In peripheral blood, functional IL28RA is produced in plasmacytoid dendritic cells, in which exogenous type III IFNs have been shown to elevate Herpes simplex virus-induced production of both type I and type III molecules. 17 IL28RA mRNA is expressed in B lymphocytes, but these cells show little or no induction of STAT phosphorylation when treated with type III IFNs. 13, 14, 18 In stark contrast to the type I complex, other peripheral immune cells show little or no expression of type III receptors or response to type III molecules. 13, 14 Type III antiviral activity was initially demonstrated in vitro in protection assays using vesicular stomatitis virus in the epithelial cell lines A549 (alveolar adenocarcinoma), HaCaT (immortalized keratinocyte), and HT29 (colorectal adenocarcinoma), and using encephalomyocarditis virus in HT29 and HepG2 (hepatocellular carcinoma) cells. 8, 9 Activity in vitro against hepatitis B virus (HBV) and HCV was established by ZymoGenetics using a stable HBV-infected HepG2 line and a stable subgenomic HCV replicon-transfected HuH7 cell line, respectively, 13 and by others using a variety of viral infection and genomic/subgenomic replicon assays. 16, 19, 20 Selection and preclinical development of Lambda as a therapeutic candidate for HCV infection A new IFN class with similar hepatic activity to IFN a but less unwanted activity elsewhere was quickly recognized to have potential utility as a treatment for viral hepatitis. Despite initial concerns about how well cell culture infection models would predict human efficacy, and the theoretical possibility of peripheral viral reservoirs unsusceptible to type III IFN activity, the potential safety and tolerability advantages inherent in the reduced extrahepatic activity of the type III class argued for its clinical development.
Given that all three of the type III cytokines had demonstrated acceptable activity in multiple bioassays, the decision to develop IFN-l1 as the clinical candidate, rather than either of the IL28 gene products, was primarily driven by manufacturing advantages. The three type III polypeptides are relatively simple and active in monomeric form, and although human IFN-l1 is glycosylated (unlike the other two members of the family), the glycan found on the mature secreted protein does not appear to be necessary for biologic activity. A standard Escherichia coli expression system was therefore developed, similar to those used to produce other cytokine therapeutics. However, all three members of the type III family contain an odd number of cysteine residues in the mature polypeptide, and E. coli expression followed by refolding resulted in a heterogeneous (and difficult to separate) mixture of protein isoforms with differing configurations of intramolecular disulfide bridges. Both IFN-l2 and IFN-l3 have seven cysteines at positions 16, 48, 50, 115, 148, 167, and 174 in the mature native protein, which give rise to nine combinations of bridged pairs in the expressed protein. By contrast, IFN-l1 has only five cysteines (at positions 15, 49, 112, 145, and 171) and three combinations of bridged pairs: C15-C112, C49-C145, and C112-C171. A conservative substitution of serine for the cysteine at position 171, together with a short N-terminal deletion and addition of an N-terminal methionine, resulted in an IFN-l1 expression construct that generated a single, readily purified synthetic protein with two fixed disulfide bridges and full biologic activity.
Based on previous experience with therapeutic PEG-IFN alfa indicating that more prolonged exposure improves response, 21, 22 it was considered important that recombinant IFN-l1 be modified to improve its pharmacokinetics (PK). The recombinant protein has a similar molecular weight (19.6 kDa) to the unpegylated IFN alfa drugs and it was assumed that, as for the PEG-IFN alfa constructs, similar pegylation of IFN-l1 would decrease renal clearance and increase half-life. ''Similar pegylation'' in this context refers to comparisons of the hydrodynamic radius (Rh) and apparent molecular weight of the constructs rather than to the molecular weight of the PEG modifier, because the diverse range of PEG structures and attachment chemistries available make molecular weight alone a poor predictor of a pegylated molecule's properties.
Both of the current PEG-IFN alfa therapeutics for viral hepatitis are mixtures of monopegylated positional isomers in which the polymers are covalently linked to one of several internal residues. 23 PEG-IFN alfa-2b (PegIntron; Merck) has a 12-kDa linear PEG moiety attached to a number of different internal amino acids via a succinimidyl carbonate process, although with the majority (.50%) attached at a single histidine at position 34.
24 PEG-FIN alfa-2a (Pegasys; Roche/ Genentech) uses a highly lysine-specific N-hydroxysuccinimide process for its 40-kDa branched PEG moiety, which results in four major positional isomers and a further seven minor ones. 25 The weight-based dosing of PEG-IFN alfa-2b is held to be the result of the relatively small PEG attachment. However, the heterogeneity of the modified products and the branched structure of the 40-kDa attachment for the PEG-IFN alfa-2a drug-which might be expected to confer a quite different apparent mass than a linear polymer of the same weight-makes it difficult to draw a priori assumptions about optimal pegylation for a similarly sized protein.
More recent pegylation chemistries reduce heterogeneity by more precisely targeting the N-terminal amino group for modification. Ultimately, an mPEG-propionaldehyde reductive alkylation process 26 was used to attach a 20-kDa linear PEG to the N-terminal methionine of the recombinant protein.
The N-terminal attachment mitigated concerns associated with the N-terminal methionylation as well as the short Nterminal deletion of the native human sequence. Evaluation of Rh as a surrogate for apparent molecular weight using sizeexclusion chromatography equipped with multi-angle light scattering and quasi-elastic light scattering demonstrated that recombinant synthetic IFN-l1 with a 20 kDa N-terminal linear PEG attachment (hereafter referred to as ''Lambda'') had an Rh of 4.9 nm, compared with 4.7 nm for PEG-IFN alfa2b and 5.2 nm for PEG-IFN alfa-2a. The assumption that similar Rh and thereby similar apparent mass would result in broadly similar PK between Lambda and PEG-IFN alfa has been confirmed in both animal and human studies. 18, [27] [28] [29] Preclinical and nonclinical development of Lambda: safety, PK, and pharmacodynamics
Although both Lambda and the type I IFNs were established to be biologically and antivirally active in hepatocytes, on a mole-for-mole basis type III IFNs generally promoted lower levels of STAT phosphorylation and gene induction in vitro 13, 16 than type I IFNs, and exhibited lower anti-HBV or anti-HCV activity in cell culture models in several studies. 16, 19 Although there are differences in the kinetics of both signaling and gene modulation between the type I and type III systems that complicate the interpretation of single time-point comparisons, 16, 30 these observations raised concerns regarding the relative in vivo potency of Lambda compared with PEG-IFN alfa that would not be resolved until early clinical data became available.
Despite these early questions about its potential efficacy, early in vitro assessment of Lambda's hematologic activity was very promising from the perspective of its likely in vivo safety profile. No effect of Lambda on the proliferation of human bone marrow mononuclear cells was seen over a 2-log concentration range (Fig. 1) . 31 In contrast, and as expected, PEG-IFN alfa controls demonstrated concentration-dependent inhibition of erythroid and myeloid colony formation consistent with the known myelosuppressive effects of the alfa IFNs in vivo. Furthermore, when human peripheral blood mononuclear cells (PBMCs) were treated with Lambda or PEG-IFN alfa-2a, only the type I IFN stimulated IL-6 release (Fig. 2) . These observations, consistent with the known absence (or low levels) of functional type III receptors in bone marrow progenitors and peripheral blood, strongly suggested that Lambda would not be associated with the common hematologic toxicities of PEG-IFN alfa. Furthermore, the lack of PBMC cytokine stimulation suggested that Lambda treatment was unlikely to cause influenza-like symptoms or other sequelae of systemic immune activation seen with the type I drugs.
The major nonclinical in vivo model for Lambda was the cynomolgus monkey (Macaca fascicularis), which had already been well established in studies of recombinant human IFN a. 32, 33 The initial feasibility of the cynomolgus model for evaluating human type-III cytokines was established by immunohistochemical confirmation of liver receptor expression with anti-human IL28RA, followed by confirmation of hepatocyte ISG induction by Lambda at both the mRNA and protein levels. 18 Cloning and sequencing of cynomolgus IL28RA at ZymoGenetics identified a 525-residue protein with close amino acid homology (approximately 94% similarity; Fig. 3 ) to the 520-residue human receptor subunit, accounting for both its strong cross-reactivity with the antihuman antibody and the activity of the human Lambda construct. Subsequent single-and multiple-dose studies in the cynomolgus model included noncompartmental PK and exposure simulations, blood versus liver activity of Lambda and serum biomarker analyses, and Good Laboratory Practice toxicology studies.
A single intravenous dose of Lambda over the range of 0.03-3.0 mg/kg in cynomolgus monkeys resulted in approximately dose-proportional exposures and a terminal half-life of 23 hours, which were consistent with the findings for other, similarly sized PEG-IFNs. 18 Cynomolgus liver biopsies obtained after several days of dosing with Lambda or IFN alfa-2b showed strong induction of the myxovirus resistance (MXA) and protein kinase R (PKR) ISG mRNAs and expression of 29,59-oligoadenylate synthetase protein by both IFNs. 18 The lack of a pharmacodynamic effect for Lambda in immune cells observed ex vivo was confirmed in vivo in the cynomolgus model. No upregulation of MXA or PKR was seen in unfractionated PBMCs extracted 4 hours after single-dose Lambda administration, and no induction of class I human leukocyte antigen (HLA) expression was seen in fractionated PBMC subsets. By contrast, a control dose of unpegylated IFN alfa-2b resulted in significant PBMC upregulation of both MXA and PKR transcripts in unfractionated PBMCs and elevated HLA expression in all PBMC subsets. Only b2-microglobulin (b2M)-a component of class I HLA molecules-was identified as a serum marker for Lambda activity, with both IFN alfa-2b and all Lambda doses above 0.015 mg/kg resulting in significant increases in serum b2M concentrations. Induction of b2M was higher with IFN alfa-2b than with Lambda, consistent with the larger number of type I-responsive cells. Notably, Lambda, unlike IFN alfa-2b, had no effect on levels of serum neopterin, an established marker of exogenous type I IFN activity in leukocytes. The use of b2M as a peripheral pharmacodynamic marker of Lambda activity allowed initial estimates for human dosing to be made on the basis of the 0.015 mg/kg no observed effect level (NOEL) determined in the monkey model.
Good Laboratory Practice safety studies in cynomolgus monkeys (described briefly in Miller et al. 34 ) corroborated the in vivo implications of the PBMC and bone marrow data for Lambda described above. Repeated Lambda dosing at 2.5 mg/kg twice weekly resulted in no mortality, ''sickness behavior,'' change in body weight, loss of red or white blood cells, decrease in serum protein, bone marrow hypocellularity, or thymus atrophy.
Phase 1/2a clinical development for HCV
Given the consistency of the safety data but the uncertainty at the time around Lambda's antiviral efficacy, there was some internal discussion about whether the first-in-human study for Lambda should take a proof-of-concept approach in HCV-infected patients. Although initial studies of this type are not uncommon in some branches of medicine, and have the advantage of addressing the basic viability of a candidate in its target population, it was ultimately decided to adopt the more standard approach of a single-dose, first-in-human safety assessment in healthy volunteers.
The subsequent multiple-dose proof-of-concept study evaluated Lambda's virologic activity from weekly doses over 4 weeks of administration in patients with HCV infection. The population selected comprised patients who had previously relapsed after demonstrating a decline in circulating viral load following at least 12 weeks of treatment with pegylated or unpegylated IFN alfa with ribavirin. At the time of enrolment, patients in this category were considered to have demonstrated potential responsiveness to IFN, as opposed to nonresponders; unlike treatment-naive patients, however, they did not have options for curative therapy. A single treatment-naive cohort of seven patients was also enrolled.
Subsequently, a follow-on Phase 2a study directly compared Lambda and PEG-IFN alfa, both with ribavirin, over longer-term administration in treatment-naive patients.
Phase 1a: healthy volunteers
The first-in-human safety study of Lambda 29, 31 was a singleascending-dose study comprising four cohorts of six volunteers each. Participants were randomized 5:1 to receive a single subcutaneous dose of Lambda or placebo, with dosing based on scaling of the 15 mg/kg NOEL in cynomolgus monkeys for induction of serum b2M (5 mg/kg equivalent human dose). Overall, 20 volunteers were enrolled and received 0.5 mg/kg (n 5 5 receiving Lambda), 1.5 mg/kg (n 5 5), 5.0 mg/kg (n 5 5), or 7.5 mg/kg (n 5 2; maximum tolerated dose) Lambda was well tolerated overall, with no significant hematologic changes (Fig. 4) other than mild dose-dependent transient decreases in fibrinogen levels (also observed in the monkey model) and similar transient mild asymptomatic increases in prothrombin time. Two participants receiving 5.0 mg/kg had transient grade 2 elevations in alanine aminotransferase levels, and one of two participants enrolled at 7.5 mg/kg had a transient dose-limiting grade 3 alanine aminotransferase elevation. Lambda PK were dose dependent, with a time to maximal concentration that varied between 8 and 24 hours and an estimated terminal half-life of 50-70 hours. Significant elevations in serum b2M levels were observed at doses of 1.5 mg/kg and higher.
The first-in-human study was consistent with the lack of Lambda-associated myelosuppression observed in vitro and in cynomolgus monkeys, but the data also highlighted the limitations of the cynomolgus model for estimating human responses. Lambda appeared to be pharmacodynamically more potent in humans, with an equivalent NOEL for b2M induction significantly lower than the 5.0 mg/kg estimated from the monkey data.
Phase 1b: HCV GT 1-infected patients
A three-part, multidose Phase 1b proof-of-concept study was undertaken in patients infected with HCV GT 1 to assess the antiviral efficacy and safety of short-term (4 weeks) Lambda administered at five weight-based dose levels between 0.5 and 3.0 mg/kg, with ribavirin (Lambda 0.5, 0.75, 1.5, or 2.25 mg/kg weekly) or without (1.5 or 3.0 mg/kg every 1 or 2 weeks). This study and its results have been fully described elsewhere. 28 Briefly, over 4 weeks of treatment, Lambda promoted dose-related declines in HCV RNA levels from baseline both as a single agent and with ribavirin, with mean maximal declines ranging from 1.83 to 3.85 log 10 IU/mL. No on-treatment declines in neutrophil or platelet counts were observed in patients treated with Lambda plus ribavirin. No change in hemoglobin levels occurred in patients receiving Lambda as a single agent, and mild ribavirin-associated hemoglobin declines under combination treatment did not show any Lambda dose effect. Overall, six patients experienced aminotransferase elevations, with or without bilirubin elevations, of whom four were receiving the highest Lambda dose tested (3.0 mg/kg). Notably, patients with significant alanine aminotransferase elevations displayed high PK exposure to Lambda (area under the concentration curve). Other adverse events were mostly mild or moderate and did not appear to be dose related.
Multidose Lambda PK in these HCV-infected patients were consistent with the single-dose data from healthy volunteers. Dose normalization of the Lambda area under the concentration curve suggested a linear relationship, with no apparent effect of patient weight on exposure observed by linear regression. A continuous relationship was observed between Lambda exposure and decreases in HCV RNA.
In summary, Phase 1 studies demonstrated that treatment with Lambda was associated with rapid, exposure-related antiviral activity, established linear dose-dependent exposure that allowed for simpler fixed dosing to be carried forward into Phase 2 trials, and suggested that Lambda may produce less neutropenia and anemia than historically seen with the type I alfa IFNs. An increased risk of aminotransferase elevations at high Lambda exposures, with or without associated increases in bilirubin levels, was an unexpected outcome in these early human studies that highlighted pharmacodynamic differences between the activity of Lambda in humans and monkeys.
Phase 2a: head-to-head activity against PEG-IFN alfa2a
Early Phase 2a development (see Muir et al. 35 for abstract data) evaluated the PK and head-to-head antiviral efficacy and safety of fixed doses of Lambda plus ribavirin versus an active PEG-IFN alfa-2a plus ribavirin control in treatmentnaive patients with HCV GT 1-4. Patients (N 5 55) received weekly subcutaneous Lambda at 80, 120, 180, or 240 mg fixed doses in combination with daily ribavirin, or 180 mg PEG-IFN alfa-2a. On-treatment rates of undetectable HCV RNA at weeks 4 and 12 for the Lambda 120-240 mg arms (week 12, 43-71% in GT 1 or GT 4 and 80-100% in GT 2 or GT 3) were at least similar to those of the PEG-IFN alfa-2a control (week 12, 40% and 100%, respectively), whereas rates for Lambda Fig. 4 . First-in-human hematologic effects of peginterferon lambda-1a administered as a single dose to healthy volunteers 80 mg were lower than those of the control, particularly for GT 1 or GT 4 (week 12, 14%; Fig. 5 ). Four patients in the higher Lambda dosing arms (three at 240 mg and one at 180 mg) met protocol-defined criteria for dose adjustment due to elevated aminotransferase levels. Lambda PK were similar to those observed for weight-based dosing in the Phase 1b study. Across 12 weeks, no reduction in mean neutrophil or platelet counts were seen in the Lambda dosing arms, compared with clear reductions in the PEG-IFN alfa-2a arm. On-treatment myalgia across 12 weeks was numerically lower among patients receiving Lambda (six of 45 patients [13%]) than among those receiving PEG-IFN alfa-2a (four of 10 patients [40%]).
These early on-treatment Phase 2a data were notable primarily for establishing that the antiviral activity of Lambda against HCV in vivo was not intrinsically inferior to that of the type I therapeutics. The data also established the utility of fixed dosing and the effective dosing range (120-240 mg) that was carried forward into larger Phase 2b studies, as well as corroborating the minimal impact of Lambda on hematologic parameters that was observed with single-dose and short-term administration in Phase 1 trials.
Conclusions
We have chosen to restrict the clinical portion of this short review to the early, small-scale Phase 1 and 2a studies that showed both the strengths and limitations of the preclinical models used, and that finally established the case for comparable in vivo anti-HCV activity at fixed doses between Lambda and the established PEG-IFNs. On the basis of the Phase 2a data, a large dose-ranging Phase 2b study was completed (see Zeuzem et al. 36 and Muir et al. 37 for abstract data). This study and the numerous subanalyses derived from it, including the derivation of the final 180 mg/week Phase 3 dose, are beyond the scope of this manuscript and will be reported elsewhere.
The type III IFNs provide an object lesson in how exploring a biologic niche can sometimes yield new therapeutic insights. In nature, endogenous type III IFNs appear to function primarily as antiviral support for type I IFNs in epithelial cells. Because epithelial membranes in the lung and gut are the primary sites of ingress for many viruses, a second system inducing a type I-like response through an unrelated receptor would likely improve innate immunity to a number of infections. 38 The role of endogenous type III IFNs in epithelial-like hepatocytes appears to be more complex and less easy to conceptualize. Mouse data have suggested that although the type III system contributes to protection against influenza virus infection in the lung, it does not appear to play a significant role in the liver in strengthening type I-mediated immunity to hepatotropic viruses. 39 However, it was subsequently discovered that polymorphisms in human IL28B, in particular the rs12979860 single-nucleo- Fig. 5 . First head-to-head efficacy data for peginterferon lambda-1a vs peginterferon alfa-2a in a Phase 2a study tide polymorphism located 3 kb upstream of the IL28B gene locus, are strongly associated with both spontaneous HCV clearance and the response of HCV GT 1 to exogenous IFN alfa. [40] [41] [42] [43] [44] A CC homozygous GT at the rs12979860 locus is associated with a substantially (approximately two-to threefold) elevated probability of a sustained GT 1 virologic response to IFN alfa plus ribavirin compared with a CT or homozygous TT GT, and allelic carriage at this site shows marked racial differences, which may help to explain known differences in HCV treatment outcomes among populations. 40, 41 Although the mechanism of this effect is not yet understood, its existence suggests a role for the type III axis in human hepatitis infection that goes beyond a redundant recapitulation of type I activity.
Whatever its precise endogenous role in viral hepatitis, the potential for IFN-l1 as a modified exogenous therapeutic is now established. As a drug, the pegylated molecule has the same once-weekly dosing as the pegylated type I therapeutics, but benefits from a remarkable reduction in several of their signature toxicities as a result of its more focused activity in the target organ. 36, 37, 45 The aminotransferase elevations sometimes observed at high Lambda exposuresmost often at doses above the fixed 180 mg/week carried into ongoing studies-have been manageable in Phase 2b trials by dose adjustments or discontinuation. Given its safety and efficacy profile through Phase 2 development, Lambda may find future utility in combination regimens with direct-acting antiviral agents. Phase 3 evaluation of Lambda with and without such agents is currently underway in HCV GT 1-4, and further clinical data are awaited with interest.
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